This investigation was conducted to study the effects of tanshinone IIA (TIIA) on pulmonary arterial hypertension (PAH) in broilers. Twohundred newly hatched Arbor Acre commercial broilers were randomly divided into 3 groups. All groups, with the exception of the control group (tap water), were given NaCl water (0.3%) starting on the d 15, and broilers in the protected group were fed a diet supplemented with TIIA (2.5 g/kg) starting on the d 15. On d 28, 35, 42, and 49, the ratio of the right ventricular weight to the total ventricular weight (RV: TV) and the values of other biochemical indicators for each group chickens were determined. The concentrations of interleukin-6 (IL-6), interleukin-1β (IL-1β), nuclear factor kappa (NF-κB), and P38 (a mitogen-activated protein kinase) were measured using enzyme-linked immune sorbent assays (ELISA). The results showed that the proportion of chickens in the diseased group with an RV:TV ratio in the range of 0.250 to 0.299 (10%) was significantly higher (25 to 30%) compared to that of the other groups (P < 0.05), and the proportion in all chickens was 28%. In addition, the IL-6, IL-1β, NF-κB, and P38 protein concentrations were higher in the diseased group, whereas there were no differences between the control group and the protected group. Moreover, the measurements of body weight, liver function, kidney function and electrolytes showed significant differences between the diseased group and the other groups. These findings suggest that tanshinone IIA may protect broilers from PAH, which is an important piece of information for the poultry industry.
INTRODUCTION
Pulmonary arterial hypertension (PAH) is frequently observed during the rapid growth of broiler chickens (Hassanzadeh et al., 2010) . The main pathological changes of PAH include the abnormal accumulation of liquid in the pericardial cavity (Kalmar et al., 2013) ; right ventricular hypertrophy (RVH), which is a compensatory response to an imbalance between the supply of oxygen and the need for oxygen; an increase in the blood output of the heart; and limited pulmonary capillary space in the lungs of broiler chickens (Zhang et al., 2013) . Moreover, mild inflammation is related to PAH. Infiltrated inflammatory white cells are found in the splanchnic organs in PAH, and some inflammatory cytokines are associated with PAH, such as IL-6, IL-1β, NF-κB, and P38 (Santacruz et al. 2015; Zhou et al. 2015) . Generally, environmental stimuli, such as C 2016 Poultry Science Association Inc. Received May 25, 2016. Accepted July 31, 2016. 1 Guoliang Hu, Yalu Song and Shanlin Ke share first authorship. 2 Corresponding authors: Xqguo20720@aliyun.com (XG); pingliujx@163.com (PL) cold temperature, hypoxia, high-energy diet, and excess dietary salt may lead to the incidence of PAH (Hassanzadeh et al., 2010) . Among these reasons, drinking water with a high concentration of salt may expand the extracellular fluid volume and the blood volume to successfully induce RVH . Therefore, in our present study, we used high-salt drinking water to mimic PAH and to assess the relationship between tanshinone IIA (TIIA) and PAH.
TIIA, extracted from the root of Salvia miltiorrhiza, a Chinese traditional herb , is frequently used for the treatment of various heart diseases in China (Liu et al., 2008) . TIIA has various properties, such as anti-inflammation and antihypertension (Chen et al., 2009; Chan et al., 2011) , and these attributes are widely reported in both animals and humans. TIIA is associated with the inhibition of hypertension-induced left ventricular hypertrophy (H-LVH) and may promote vasodilation in rats (Chan et al., 2011; Pang et al., 2014) . TIIA is also effective for treating and preventing various human cardiovascular diseases, such as coronary heart diseases, particularly angina pectoris and myocardial infarction (Liu et al., 2008; Gao et al., 2012) . Furthermore, TIIA may also inhibit the production of inflammatory mediators, thereby decreasing the occurrence of atherosclerosis, an inflammatory cardiovascular disease (Gao et al., 2012) .
PAH is a type of cardiovascular system and hematological disorder in meat-type chickens (Hassanzadeh et al., 2010) . The economic losses caused by PAH are high, with reported losses of approximately $1 billion per year, and the direct losses caused by broiler death have been estimated as approximately $0.5 billion per year (Baghbanzadeh and Decuypere 2008; Sun et al., 2007) . The existing common prevention approaches, such as feed restriction and the selection of satisfactory genes, have many limitations. It is necessary to develop another approach to prevent PAH. In the present study, we determined whether TIIA can treat or prevent the occurrence of PAH, and we identified a potential method to decease the economic damage caused by PAH in broiler chickens.
MATERIALS AND METHODS

Experimental Animals
All animal procedures were approved by the Institutional Animal Care and Use Committee of JXAU, China.
Experimental Design
Two-hundred newly hatched Arbor Acre commercial broiler chickens (100 females, 100 males) were randomly divided into 3 equal-sized groups after 1 wk. The animals were then placed in the same environment at room temperature (mean 20
• C). On d 14 after hatching, the control group (group C) was given tap water and a basal diet (NRC, 1998) . The protected group (group P) and the diseased group (group D) were administered a broiler starter diet (NaCl 0.3%), and the protected group (group P) began a diet supplemented with TIIA (2.5/kg). The broilers were weighed weekly and sampled on d 28, 35, 42, and 49.
Sample Collection
On each test day, 10 chickens from each group were weighed and sampled. Blood samples were collected from the brachial vein. Each blood sample was placed in a tube containing heparin, centrifuged at 2,000 × g at 4
• C for 10 min and then stored at -20 • C until use. The organs and tissues were removed from the body. Plasma samples were collected for the measurement of indicators of liver and kidney function. To measure the ascites heart index (AHI), the right ventricle (RV) and the left ventricle (LV) were carefully separated, and the ratio of the weight of the RV to that of the total ventricle (RV:TV) was determined for each bird. The normal AHI is less than 0.250.
Laboratory Analysis
The following indicators were measured: the concentrations of total protein (TP), albumin (ALB), globulin (GLB), total bilirubin (T-BIL), alkaline phosphatase (ALP), triglyceride (TG), blood urea nitrogen (BUN), creatinine (CR), and uric acid (UA), and the plasma electrolyte potassium (K), sodium (Na), chlorine (Cl), magnesium (Mg), calcium (Ca), and phosphorus (P) concentrations. These were measured using an automatic biochemical analyzer. In addition, the concentrations of IL-6, IL-1β, NF-κB, and P38 were measured using enzyme-linked immune sorbent assays. The kits for these assays were purchased from Beijing Dongxieboye Bioengineering Institute (Beijing, China).
Statistics Analyses
The statistical analyses were performed using the SPSS Statistical software 17.0 (Chicago, IL). The data were computed using one-way ANOVA and Chi-squared tests and are expressed as the means ± standard error (M ± SE). Their differences were considered significant if P < 0.05 and highly significant if P < 0.01.
RESULTS
In this study, 10 birds from each group were sampled every week from d 28 to 49. The body weights (BW) of the chickens was highly affected and presented with various differences among the 3 groups after d 28 ( Table 1 ). The BW of the birds in group D were lower than those of the birds in group C on d 35, 42, and 49 (P < 0.01), significantly lower than those of the birds in group P on d 35, significantly lower than those of the birds in groups C and P on d 42 (P < 0.05), and highly significantly lower than those of the birds in groups P on d 49 (P < 0.01). The BW presented no statistically significant difference among groups C and P. The RV:BW and TV:BW ratios in group D were generally higher than those in groups C and P. The RV:BW and TV:BW ratios in groups P and D were significantly (P < 0.05) and highly significantly (P < 0.01) different compared to those of group C on d 35. On d 42, these 2 indices presented no significant differences between groups C and P. On d 49, the RV:BW and TV:BW ratios were significantly higher in group D. For PAH incidence, the RV:TV ratio was calculated, and the PAH incidence in each group was 2.5% (control group), 2.5% (protected group), or 10% (diseased group).
Liver Function
On d 28, the TP, ALB and GLB concentrations (Table 2) in group D were significantly higher than Table 1 . Body weight (BW), the ratio of the right ventricle weight to BW (RV:BW), the ratio of the total ventricle weight to BW (TV:BW), and the ratio of the right ventricle weight to the total ventricle weight (RV:TV) for different groups of broiler chickens of different ages (M ± SE).
Day 28 Table 2 . The concentrations of total protein (TP), albumin (ALB), globulin (GLB), direct bilirubin (T-BIL), alkaline phosphatase (ALP), and triglyceride (TG) for different groups of broiler chickens of different ages (M ± SE). those in group C (P < 0.01). On d 42, the TP and ALB values were significantly higher in group D than those in group C (P < 0.01); however, the GLB value was significantly higher in group C (P < 0.05). On d 49, the TP, ALB and GLB values presented no significant differences among groups. The T-BIL concentration in group D was significantly higher than that in groups C and P (P < 0.05) on d 28, and this difference became increasingly insignificant over time. However, the trend in D was greater than that in the control group. The ALP concentration in groups C and P presented as an increasing trend, and the value of this measurement was significantly higher in group D than that in group P on d 35 (P < 0.01), but no significant difference was found at the other time points. The TG values in groups C and D presented as gradually increasing and decreasing trends at all time points with the exception of d 42. In addition, on d 28, the TG value was highly significantly greater in group D than that in group A (P < 0.01), whereas on d 49, this value was significantly lower in group D than that in the other 2 groups (P < 0.05).
Kidney Function
The serum UA, CR, and BUN activities were compared among the 3 groups of chickens (Table 3) . On d 28, the CR and UA values showed no significant difference among the 3 groups. On d 35, the UA values in group D were significantly higher than those in group C (P < 0.01), but no significant differences were found between groups C and P. On d 42, this value was significantly lower in group C than that in group D (P < 0.01), but group P presented no significant differences. On d 49, there was no significant difference among all groups. The CR activity of group C was significantly lower than that of group D on d 35 (P < 0.01), whereas groups C and D exhibited the same values on d 42. On d 49, the CR activity of group P was significantly higher than that of group D (P < 0.05). The BUN activity of the kidney showed no significant differences among the 4 groups on d 35 and 49. However, on d 28 and 42, there were no significant differences between groups C and P, whereas this value of group C was significantly lower than that of group D (P < 0.01). In general, most of the BUN, UA, and CR activities in Table 3 . The concentrations of blood urea nitrogen (BUN), creatinine (CR), and uric acid (UA) for different groups of broiler chickens of different ages (M ± SE). a-c Means within a column (on the same day) with different superscripts significantly differ (P < 0.05). A,B Means within a column (on the same day) with different superscripts significantly differ (P < 0.01). Table 4 . The concentrations of the electrolytes Ca, P, K, Mg, Na, and Cl for different groups of broiler chickens of different ages (M ± SE). A,a a-c Means within a column (on the same day) with different superscripts significantly differ (P < 0.05). A,B Means within a column (on the same day) with different superscripts significantly differ (P < 0.01).
the kidneys of birds in groups P and C showed no significant difference; however, groups D and A presented opposite values.
Serum Electrolytes
The electrolyte concentrations in all serum samples were measured (Table 4) . Most of the plasma electrolytes in groups C and P were lower than those in group D prior to d 35. On d 28, the Mg, Na, Cl, and K concentrations were extremely significantly (P < 0.01) lower in groups C and P than those in group D, and the Cl concentration in group C was significantly (P < 0.05) different compared to that in group P. On d 35, the Na, Cl, and Mg concentrations in groups C and P were extremely significantly lower than those in group D. In addition, the Ca concentration in group C was significantly lower than that in group D. On d 42, the Na and Cl concentrations in group P presented no differences compared to those in group C. In addition, the Na, Cl, and Mg concentrations in group D were significantly higher than those in the other 2 groups, and the P concentrations in group C were significantly lower than those in group D. Over time until d 49, the Na, Mg, Cl, and P concentrations in group D also showed a decreasing trend, and the concentrations of most of the plasma electrolytes (Ca, Mg, Na, and Cl) in group D were lower than those in the other 2 groups. Moreover, the Cl, P, and K values in group D showed no significant difference from those of group C, and the Na and Cl concentrations in group P were significantly higher than those in the other 2 groups.
ELISA
The concentrations of IL-6, IL-1β, NF-κB, and P38 were measured using an enzyme-linked immunosorbent assay (ELISA). Compared to the control group, the concentrations of IL-6 (Figure 1) were not different among the 3 groups on d 28 and 35, whereas the concentration was increased in group D compared to those of groups C and P on d 42 (P < 0.05) and 49 (P < 0.01). During the experiment, there was no difference between groups C and P; however, the concentration of NF-κB (Figure 2 ) was increased in group D (P < 0.01). The concentration of P38 (Figure 3 ) presented a Figure 1 The concentrations of IL-6 in the control group, the protected group, and the diseased group.
a-c Means within a column (on the same day) with different superscripts significantly differ (P < 0.05). A-B Means within a column (on the same day) with different superscripts significantly differ (P < 0.01).
Figure 2
The concentrations of NF-κB in the control group, the protected group, and the diseased group.
a-c Means within a column (on the same day) with different superscripts significantly differ (P < 0.05).
A-B Means within a column (on the same day) with different superscripts significantly differ (P < 0.01).
Figure 3
The concentrations of P38 in the control group, the protected group, and the diseased group. a-c Means within a column (on the same day) with different superscripts significantly differ (P < 0.05). A-B Means within a column (on the same day) with different superscripts significantly differ (P < 0.01). similar trend. Furthermore, there was no difference between groups C and P (except on d 42), whereas the concentration of IL-1β (Figure 4 ) was increased in group D.
DISCUSSION
Pulmonary arterial hypertension, a disease in poultry that is also a challenge to human health, greatly slows the growth rate and causes various pathological changes, particularly in the heart (Hassanzadeh et al., Figure 4 The concentrations of IL-1β in the control group, the protected group, and the diseased group.
A-B Means within a column (on the same day) with different superscripts significantly differ (P < 0.01). 2010). The RV:TV ratio is used to indicate the degree of PAH in many studies. RV:TV ratios less than 0.250 are considered normal in broiler chickens (Julian et al., 1992) . In our experiment, the results showed that there were some changes of the RV:TV ratios among the 3 groups, which suggests that PAH induced by salt occurs in broilers after 35 d. Excess dietary salt and hypobaric hypoxia can induce PAH with symptoms of ventricular hypertrophy and failure Zhang et al., 2013) . Moreover, as discussed above, the RV:TV ratio obtained for the birds in group P showed the same percentage as that obtained for the birds in group C (Table 1) ; therefore, we conclude that TIIA can prevent the incidence of PAH in broiler chickens. Previous studies confirmed that broilers respond to dietary salt with increased blood volume, which enhances the development of PAH and RV hypertrophy. Furthermore, PAH inhibits blood capillary flow (Julian, 1993; Mirsalimi et al., 1993) . Since TIIA was initially reported, it has been demonstrated to play a curable role in various cardiac diseases, including cardiac hypertrophy (Tan et al., 2011) , hypertension , and heart failure (Pang et al., 2014) . In this study, TIIA may prevent the incidence of PAH by vasodilating vessels and decreasing blood viscosity to improve the blood flow dynamics (Chan et al., 2011; Julian, 1993; Maione et al., 2014) . Moreover, TIIA can also protect cardiomyocytes from hypoxic injury (Gao et al., 2012) , which is associated with the development of PAH (Enkvetchakul et al., 1993) . In the present study, the BW of the birds in the 3 groups (Table 1) were significantly different. However, the difference was not significant between group P and group A. Indeed, it has been demonstrated that PAH is a metabolic disorder disease that can stop growth and even reduce the BW at market age (Julian, 1993; van As et al., 2010) . However, our results showed that TIIA may prevent the incidence of PAH and further improve growth performance.
The liver is one of the most important organs, and hepatic dysfunction usually follows hypoxia accompanied by PAH (Pinaeva et al., 2014) . The concentration or activities of various liver function indexes (TP, ALB, GLB, T-BIL, ALP, and TG) are indicators of hepatocyte damage. In our study, the results suggested ( Table 2) that the values of the TP, ALB, GLB, T-BIL, and TG contents and ALP activity obtained for the birds in group D were all significantly or highly significantly greater than those in group C on d 28. This may due to the following reasons: first, the increased values of ALP, TP, T-BIL, and TG indicate that PAH makes it more difficult for the lungs and heart to provide oxygen to the body (Anonymous, 2008) and that hypoxia may increase cell apoptosis (Wang et al., 2015) and lead to the impairment of tissue homeostasis in the liver of mammals (Pinaeva et al., 2014) . Previous studies also demonstrated that the ALP, TP, T-BIL, and TG values significantly increase after liver injury (Oyagbemi and Odetola, 2013) . Second, increased plasma concentrations of TB, ALB, and GLB likely occurred in a compensatory manner when the immune function was not sufficient to meet the body's needs, and a hepatic proteomics analysis showed that the expression levels of proteins related to the immune and inflammatory responses differ between PAH and healthy broilers (Wang et al., 2012) . In our study, the results showed that the concentrations of IL-6, IL-1β, NF-κB, and P38 were increased. This indicated that there were inflammatory responses when PAH occurred. In addition, the results indicated that there were differences between groups C and P compared to group D. These results verify that TIIA has an anti-inflammatory effect in broilers.
The kidney is the organ that adjusts the metabolism of water and electrolytes. The plasma concentrations of BUN, CR and UA are common indicators for measuring kidney function in the clinic (Carro et al., 2010) . Our study revealed that the CR and UA levels and the BUN concentration in group D were higher than those in group A (Table 3) . These results show that the kidney was likely injured by PAH under these conditions, and the levels of these indicators changed. Furthermore, the concentrations of inflammatory cytokines were increased. Previous studies demonstrated that kidney damage is related to PAH (Che et al., 2010) . In addition, our results showed that there was no significant difference between groups C and P for BUN and CR on d 42. This suggests that TIIA can protect kidneys from injury. A previous study also showed that TIIA offered protective functions against kidney damage . Moreover, data obtained in this study showed no significant difference in the levels of BUN and UA on d 49 among the 3 groups, and this finding is likely due to prevention achieved by TIIA or recovery from the development of PAH.
The plasma electrolyte balance plays an important role in maintenance of the internal environment and is essential for a wide variety of metabolic reactions. The plasma electrolyte concentrations are regulated by the balance between intestinal absorption and renal excretion. As shown in Table 4 , the Na, K, P, Mg, Ca, and Cl concentrations in group D were highly significantly greater than those in group A on d 28. PAH is one of the predominant risk factors for the progression of renal impairment and renal dysfunction and can decrease Na and Cl excretion and exacerbate water-electrolyte disorders (Che et al., 2010; Tanemoto, 2007) . In this study, the Na and Cl concentrations in the plasma were increased on d 28. Furthermore, the hemoconcentration may also be at least partially responsible for the observed increases in K, Na, Ca, Mg, P, and Cl concentrations. Luger et al. (2001) and Ryder et al. (2015) showed that PAH can lead to hemoconcentration and a corresponding increase the plasma electrolyte concentrations. In addition, PAH can also reduce or block blood capillary flow (Julian, 1993) and thereby reduce renal excretion. Additionally, drinking the water with a high salt concentration would make the broilers take up more Na and Cl, leading to an increase in the Na and Cl concentrations in the plasma. The high Na concentration compartmentalizes the K and Na molecules outside and inside the cell, respectively, via the Na/Ca pump (Xu, 2013) , and the transmembrane Na gradient may also drive Na/Ca exchange to force the Ca outside the cell (Pavlovic et al., 2013) , which may increase the blood K and Ca concentrations. The concentrations of these electrolytes in group D were lower or unchanged compared to the concentrations in the control group on d 49, which may be due to the gradual recovery of the broilers from disease. The electrolyte concentrations of the birds in group P mostly decreased throughout the experiment compared to the levels in group D, possibly due to the function of TIIA in decreasing the blood viscosity and aiding vasodilatation, which may improve microcirculation (Chan et al., 2011; Che et al., 2010; Maione et al., 2014) .
In conclusion, the present study revealed that TIIA extracted from the root of Salvia miltiorrhiza can effectively prevent the occurrence rate of PAH and the low growth rate caused by PAH in broilers. Additionally, our findings also provide a potential method for improving the economic burden facing the poultry industry.
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